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Abstract:

In a search for a biological control agent of Canada thistle (Cirsium arvense [L.] Scop.), a survey of
endemic pathogens of Canada thistle was conducted in Montana during the summer of 1981. Pathogens
from six genera, Alternaria, Fusarium, Septoria, Puccinia, Pseudomonas, and Sclerotinia were
obtained. Of these pathogens, Sclerotinia was selected for further study due to its lethality on Canada
thistle.

Sclerotinia inoculum for greenhouse or field studies was prepared by culturing isolates of Sclerotinia
spp. on autoclaved oat or wheat kernels. The infested kernels were applied fresh or after being
air-dried. In greenhouse studies using a kernel inoculation technique, the isolates of Sclerotinia differed
in virulence on Canada thistle and also on eleven crops tested. A S. sclerotiorum (Lib.) de Bary isolate
was used in all of the field studies.

In field trials conducted on cultivated land infested with Canada thistle, up to 73% of the thistle shoots
died within nine weeks of treatment. In addition to attacking the thistle crown and causing wilting and
death of the shoots, Sclerotinia infected the roots, extending more than 35 cm into the root system. The
damage to the root system reduced the thistle shoot density by 8 to 51% the following year, while the
density increased over 40% in the control plots. Soil incorporation of the inoculum reduced the thistle
density to lower levels than surface application.

In statewide field trials to test S. sclerotiorum under varied environmental and habitat conditions, 19 to
80% kill of the thistle shoots died within 4 to 8 weeks. The trial site with the highest level of thistle
control was in a pasture and, contrary to most of the sites, had not been disturbed by cultivation. At this
site, the thistle density in the treated plots was reduced 95% the following year.

Additional research into the host range and genetics of Sclerotinia would be necessary in the
development of this fungus as a biological control agent of Canada thistle.
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ABSTRACT

In a search for a biological control agent of Canada
thistle (Cirsium arvense [L.] Scop.), a survey of endemic
pathogens of Canada thistle was conducted in Montana
during the summer of 1981. Pathogens from six genera,
Alternaria, Fusarium, Septoria, Puccinia, Pseudomonas,
and Sclerotinia were obtained. Of these pathogens,

Sclerotinia was selected for further study due to its
lethality on Canada thistle.

- Sclerotinia inoculum.for greenhouse or field studies
was prepared 'by culturing isolates of Sclerotinia spp. on
autoclaved oat or wheat kernels. The infested kernels
were applled fresh or after being air-dried. In
- greenhouse studies using a kernel inoculation technique,
the isolates of Sclerotinia differed in virulence on
Canada thistle and also on eleven crops tested. A
S. sclerotiorum (Lib.) de Bary isolate was used in all of
the field studles.

In field trials conducted on cultivated land
infested with Canada thistle, up to 73% of the thistle
shoots died within nine weeks of treatment. 1In addition
to attacking the thistle crown and causing wilting and
death of the shoots, Sclerotinia infected the roots,
extending more than 35 cm into the root system.. The
damage to the root system reduced the thistle shoot
density by 8to 51% the following year, while the density
increased over 40% in the control plots. Soil
incorporation of the inoculum reduced the thlstle density
to lower levels than surface application.

under varied environmental and habitat condltlons, 19 to
80% kill of the thistle shoots died within 4 to 8 weeks.
The trial site with the highest level of thistle control
was in a pasture and, contrary to most of the sites, had
not been disturbed by cultivation. At this site, the
thistle density in the treated plots was reduced 95% the
following year.

Additional research into the host range and genetics:
of Sclerotinia would be necessary in the ‘development of
this fungus as a biological control agent of Canada
thistle.




INTRODUCTION

Canada thistle is a serious problem weed'idfesting
range and cropland in Montana and the surrounding states.
This noxious perennial weed is -estimated to infest over
600,000 hectares in Montana, 680,000 hectares of wheat in
North bakota and 35% of all cultivated fields in Alberta
(34,54,73). In addition to rangeland, pasture, dryland
crops, and irrigated crops, Canada thistle can also be
found in home gardens, along roadways and ditches. Its
windblown seeds allow the weed to Spread and its
extensive perennial root system makes it difficult to
control.

The best current control practices include the.use
of herbicides, intensive summer cultivation,- and
competitive crops such as alfalfa or perennial forage
grasses. However, hgrbicides recommended fo; thistle
control are oftén too expensive to be used oﬁ rangeland
and application of most herbicides is severely restricted
or forbidden near waterways because of water quality
considerations. Consequently, effective conﬁrol in
cropland areas is usually only temporary .due to
reinfestation from surroundingArangeland, ;oédways or

waterways. In addition, farmers have recently been
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forced to examine the economic tradeoffs caused by higher
fuel, eqﬁipment, and herbicide costs. As they sﬁift to
mofe sophisticated management systems involving reduced
tillage, flexible cropping, and integrated pest
management, Canada thistle'control could becbme an even
worse economic problem.

With the recent successes in‘using plant pathogeﬁs
as'bidlogiéal agenté to control weeds, it was desirable
to investigate the possibility of using a plant pathogen
to control Canada thistle. It was the objective of this
study to conduct a survey of endemic Canada thistle
diseases in Monfana and study the feasibility of using-
any of the associated pathogens as biological control

agents of Canada thistle.




LITERATURE REVIEW T
Biological Control of HWeeds with Plant Pathogens

Much of the early research in biological weed
control was with insects, with several well documented

successes (15,120). 1In reference to thistles, Trumble

and Kok (104) have recently reported on the exotic
insects ﬁhat have been introduced into.NOrth America,to
éontrol ggggggg and Qi;gigm, Interest in usiné p;ant
pathogens to control weeds dates back to the late 1800's
(121). In the last twenty ygérs, this interest has
increased dramatically due to economic incentives and
improved understanding of thg organisms involved. Today,
disgaées are beinggactively researched by séVeral'
scientists (83).

Biological control can involve the use of an exotic
or a native’pathogen to control a weed. The classical
approach.involves the importation of an exotic pathogen
to control an infroduced or native weed. Often a weed
introduced into a countryyis brought in. without its
associated diseases that help to limit the weed's
population in its native habitat-‘ This classical type of

control has béen successful for rush skeletonweed in

Australia and pamakani weed in Hawaii (37). In- the
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United States, use of an exotic pathogen is reviewed by

the U.S. Department of Agriculture Working Group on
Biological Contrél'of Weeds and U.S. Department of the
Interior Weed Committee, and tested in quarantine
facilities before being released in the United States
(126) .

A second tactic is the microbial or bio-herbicide
approach that can apply to either a native or an approved
éxotic pathogen} It involves mass production and
application of the pathogen to the target weed. This
overcomes the naturél constraints that 1limit the
pathogen's dissemination, survival, and inoculum increése
in nature. Approval of the Environmental Protection
Agency (EPA) must be obtained before a pathogen can be
marketed as a bio-herbicide in the United States. Within”
the.past two years, the first two microbial herbicides,
both nétive pathogen;, have been registered by the EPA
and commercialized in the United States. Phytophthora
palmivora (Butler) Butler (DevineT!) is registered to
control strangler vine in Florida citrus groves, and
Colletotrichum gloeosporioides (Penz.) Sacc. f.sp.
" aeschynomene (CdliegoTM)'to conErol nqrthérn jqintvetch

in rice and soybean fields’in'A;kansas (56,102).
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Cirsium arvense (LJ Scop. hés several common names, -
ihc}uding Canada thistle, creeping thistle, Californian
thistle, and perennial thistle. This plant is a serious
introduced weed of pastures, rangeland, and croplands in .
" the northern United States and Canada. .Once indigenous
to southeastern Europe and the eastern Mediterranean
area, it has spread throughout Eurppe, yorth Africa, and
Asia, ana is found in South Africa, New Zeaiand, and
parts of‘Australié (67).~'It is now a seriogs weed in
five countries and a principal: weed in‘over 17
countries (48). |

Canada thistle reduces crop or forage yiélds by
competing with the crop or rangeland plants for space,
light, moisture, and nutrients. It can also harbour crop
insects énd diseases. Canada'thistle'is a biéhly
competitive»weea and one of.the major wééds’for émall
grains in Montanak55,77). A thistle infestation of 2.4
shoots/m2 may reduce the yield of spring wheat or barley
by 15%, and 30 shoots/m2 can reduce the yields of spring
wheat by 60% and barley by 40% (47,77). '
family Compositae; This perenniai plant has extensive
horizontal roots that overwinter and give rise to

numerous aerial shoots. The shoots first form a rosette
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upon emergence. Seven to eight weeks later at maturity,

these shoots will have attained a height of 0.3 to 1

meter. The leaf margins can vary from deeply ruffled and

lobed with numerous spines to ehtire margins without
spines. The plants are dioecious, aithoughAthe male
plants can sometimes produce a few viable seeds (46).
Numerous smail purple flower heads form at the ends of
branches. These flowers are cross-pollinated by insects,

and one female plant may produce up to 1530 seeds (42).

Canada thistle seed is dispersed by wind, watef, aﬁd

animals, and is frequently introduced into an area by
hay, contaminated crop seed or pasture seed'(12,43h
Recently disturbed areas such as bare land, ctoplands,
and poorly managed pastures that are overgrazed or
underfertiiized are the most susceptible to colonization
by seeds (13). |

spreads by-vegetativé propagation of its root system.
The invasive.capability of this weed is demoﬂstrated in
the ability of the root system of a single thistle'to

spread outwards 3 to 4 m in one season (47). This annual

rate of vegetative spread is dependent on seasonal ’

conditions, vigor of associated vegetation, soil type,
and land use, In pasture lands, the annual rate of
vegefative spread may vary from 4 cm to 3.4 m (13).

Moreover, cultivation enhances the spread of Canada
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thistle in croplands as root fragments as émall as one cm
long and one mm in digmeter are able to produce shoots
(41). 'This regenerative capacity of the root system,
that.may extend to a soil depth of over a meter, makes
extermination of tﬁe weed very_difficult._ The best
current control praétices involve an integrated approach
of cultural and chemical methods.:

There 1is considerable genetic diversity in -
morphological and physiological characters within the
species C. arvense (46,67). Based on leaf morphologf

alone, Wimmer and Grabowski in 1829 (122) separated

C, arvense into four varieties: yestitum, integrifolium,

mite (arvense), and horridum. These varieties have the

same chromosome number (2n = 34) both in Europe and in
Canada, and.hybridize'freely, so that true varietal forms
are rarely found (33,38,675. Within these varieties,
many clones or ecotypes have been reported that exhibit

differences in photoperiodism, growth habit, vigor, séed
dormancy and germination, herbicide reponse, and disease

susceptiblity (38,46,67,109).

There are over forty genera of microorganisms, 
fungi, bacteria, nematodes, and viruses found to occur on
Ccanada thistle in the United States and Canada, accordirng

to host indexes and a list compiled by Libscomb in 1974
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(29,61,94,112). Many of these micrborganisms cause~on1y
minor damage to the weed.

Puccinia punctiformis (Str.) Rohl. (= P, obtegens
[Link.] Tul. = P, suaveolens [Pers.] Rost.) is the best
documented of these pathogens. Systemicélly infected
thistles are pale green, have 1long internodes, small
leaves w;th incdrled leaf margins, and usually proauce no
flowers or viable seeds (18). Interest in using this
fungus as a biocontrol agent dates back.tO'iQOO (16,28).
Watson (115) and Turner et al. k168,109) have recently
investigated the potential of P, punctiformis as a
biological control agent for Canada thistle.

A root rot caused by Fusarium roseum (Link.) Snyder
and Hans. was studied in Wyoming (62,63,86). Under
natural conditions, tbe_fungus caused wilting, yellowing,
and reduced vigor in thistles. The pathogen infected a
prickly denticulate-leaved thistle ecotype, ﬁut ndt a
smooth-leavea spinulose ecotype in greenhouse studies
(62).

Verticillium g;pg;g;ggm Rke. and Berth. caused a
wilt of Canada thistlé in Oregon and Gerﬁany (49,95).
The fungus infeqts the roots, as well as the stem.

Detmers (33) observed bacteria that caused stunti@g
and death of Canada thistle in Ohio, but gave no further
information. Mycoplasmalike organisms have been found in

Denmark and South Dakota in C, arvense plants exhibiting
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chlorbtic and wrinkled leaves, dwarfism, shoot
proliferation, ana abhormal flowers (19,89). '
The disease caused by Septoria cirsii Niessl. has

been reported by Detmers (33), and results in large

necrotic spots on the lower leaves in mid-summer. The

infected leaves turn brown and dry, and the disease
slowly spreads to. the upper leaves,

Another fungus, Sclerotipia, was'reported to cause'a
wilt and crown rot of Canada thistle resulting in the
death of the plant shoot (20,21,127). More information
on this disease is presented in tne followiﬁg section.
In addifion to Canada fhistle; other weeds including ﬁild

mustard (B;gssica.tgber [Dc.] Wheeler), field pennycress

retroflexus L.), lambsquarters (Chenopodium album L.),

sowthisfle_(ﬁonchgg spp.), diffuse knapweed‘(gentaurea

diffusa Lam.), and toothed spurge (Euphorbia dentata

Michx.) have been reported to be killed by Sclerotinia

spp. (20,23,70,114,127).
C otini

Taxonomy
Kohn in 1979 (58) 1limited the fungal genus

Bary, S. trifoliorum Erikss. and S. minor Jagger. The
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other species previously placed in this genus were
assigned to other genera. |

Prior to 1980, controversy had prevailed for two
decades éoncerqing tﬁe delineation of Fﬁese'tﬁreé
species. Since 1955 when Phréy first suggested that the
three species be combinéd into a single species,
extensive studies have indicated. three distinct species
(81,82,115). Morphologically,‘special distinguishing
characteristics afe £he_smalllsized sclerotia of S, minor
and the ascospore dimorphism of S. trifoliorum (58,110).
Dissimilaritigs have been proven in onEogenetic,
electrophoretic, mycelial interaction and cytological
research (32,117,118,123,124,125). 1In cytological
stﬁdies, Wong and Willetts (125) found for S, minor,
§J,t;iﬁoliorum and 8. sclerotiorum, the number of nuclei
per ascospore and the haploid chromosome count to be 4,4;
4,8; and 2,8, respectively. In 1983, Uhm and Fujii (111)
observed 9 bivalents duriﬁg S. trifoliorum
ascosporogenesis, Additionally, Petersen et al. (78)
have recently reported that the major sclerotia proteins
vary in the three sgecies. .Serologically, the three
speciés have cdmmon antigens (92). Differences in host
range and epidemiology are discussed in subsequent parts
of this section. In reviewing the host rangef
épidemiology and ofher aspects of these species, it

should be remembered that identification of
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S. trifoliorum in past literature may be incorrect as it

was often based only on.the host of origin.

‘Host Range

Sclerotinia occur% throughout the’ world, including
Europe, Africa,'Asia, South Pacific and North and South
America, and is most common in the temperate regions.
These climatic.areas also enclose the geographical range
of Canada thistle. Although.the genus has a Qidé host
range, corn, wheat,. barley, oats, and.other cereal grain
crops are not affected by any of the three épecies
(65,82). |

The only host range research done to compare the
three pathogens was.limiéed to testing a shall number of
isolates in greenhouse”studies.. Keay (57), énd Held and
Haenseler (44) both found S. tgiﬁoliorum to be restricted
to legumes, tomato, ;ettuée and beans under optimal
greenhouse conditions. Sglggg;igig miggg.and
S. sclerotiorum in these tests had broad host ranges
including legumes.

Genéral field observations show S. sclerotiorum is
most damaging to Veéetables and oilseed crops, S. minor
to peanuts and lettuce, and S. ;Liiglig;gm to forage
legumes (98). Some field étudies have shown alfalfa and
red clover are n§t éusceptible to-iéolates‘of

S. sclerotiorum (25). In addition, Burke éﬁ al. (23)
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found li;tle damage f;om_alggle;g;ig;gm in bean fields
in which alfalfa had been grown for three or more years
between bean crdps. One explanation for these

'conflicting reports on host susceptibility-is the

divetsity found among ieolates within each of these

species, $. sclerotiorum, $. minor and S. trifoliorum.
Consideréble variability in virulence is exhibited by
'these isolates when'tested on different hests
(25,57,71,80) . | |
Incompatible mycelial interactions have been
observed between some S, sclerotiorum isolates as well as
between S. trifoliorum isolates (79,91). Price and

Colhoun (79,80) suggest that the differences in virulence

reflect small genetic differences in the isolates.

Genetics apd Pathogenesis
Sclerotinia sclerotiorum and S, trifoliorum were
considered to be homothallic. Recent studies by Uhm and

Fujii (110,111) have‘demonstrated that S. trifoliorum is

partly heterothallic. This species produces dimorphic

ascospores. The small ascospore strains are

heterothallic and self-sterile, while the large ascospore

strains are self-fertile. They also established that the-

microcondia produced by this fungus are functional

spermétia through mating crosses between sclerotia from

P
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the small ascospore strains and microcondia from the
large ascospore strains.

A second means of genetic exchapge in fungi is the
transfer of genetic material between the mycelium of two
strains.through heterokaryosis. While the extent to
which this occurs between strains of- a Sclerotinia
species is unknowp, incompatible mycelial interactions
have been observed among S, sclerotiorum isolates as well
as among S, trifoliorum isolates (79,91).

The genome can also be changed through mutation. As
Sclerotinia is haploid for most of its life cycle, any
mutation in the genes in the genome that are expressed
phenbtypically Qould be immediately revealed.

There -are many factors involved in Sclerotinia
pathogenesis, the ability of §glg;g;iﬁig spp. to
successfully infect a host plant and cause disease. The
first step is the formation of an infection cushion
leading to mechanical penetratioh of the host cuticle.
Ascospores and S, sclerotiorum sclerotia usually require
an external nutrient source to form the infection
cushion. Once inside the host, the fungus produces three
pectolytic enzymes and oxalic acid that work in
combination to break the pectin layer betweén the host
cells. Oxalic acid chelates cation inhibitors of
pectinase activity and lowers the pH making conditions

more favorable for ‘enzymatic aption. In addition,
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degradative enzymes, including cellulases,
hemicellulases, proteasés and éhosphatidase are produced
by the fungus to éupply nutrients for the rapid growth
and - development of infection hyphae (65). The
differences in virulence observed between Sclerotinia
spp. isolates may be é result of variations in these

pathogenesis factors.

Host Resistance

Within the -past 15 years, resistance to Sclerotipia
has been repopted in some crops. field tolerance to
S, trifoliorum has been shown' in cultivars and.
experiﬁéntal lines of aifaifa, and in cultivars of white
clover (11,116). Similarly, field tolérance‘ to
S, églg;g;ig;gm has béen observed in cultiyars and
breeding lines of dry beans (Phaseolus wvulgaris L.), and
in cultivars of soybeans (14,31,39,106). Some.tYpes'of
tolerance are due to plant canopy structure that
-influences. the mig;oclimatél bonditions and the

development of the disease. Another type of resistance

is found in the.highly resistant ‘runner bean Phaseolus

coccineus L. Abawi et al. (4) transferred this
resisténce_into P, yglgg;ig through backcroésing and
suggested a single completely dominant gene was invoived.'
Recently, Hunter et al. (53) screened ovef 400 lines of

P. vulgaris for resistance using a limited-term
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inoculation method under growth chamber conditions. They
detected levels of resistance in lines from Central and
South America, Turkey and Europe.

Resistance has been found in ciosely related wild
‘plant species. ‘Three wild Lactuca species werelfound to
be highly resistant to S, minox (5). One of these wild
species can be crossed with lettuce. Resiétance to
S. sclerotiorum also exists in the North America nafivé
perenniél Helianthus spp., as well as in Jerusalem

artichoke (H. tuberosus L.). Hybrid crosses of Jerusalem

completely resistant in greenhouse studies (76).

| Four mgchanisms of host resistance to Sclerotinia
have been theorized by Lumsden (65). Little research has
been done in this area, Physical barriers may_élqw ﬁhel
penetration and development of the fungus, and
nufritional factors within the host may be‘inadequate for
rapid infection hyphae formation. The host may'also have
-performed inhibitors of SQLQ;QLLQLQ or the host may be
induced by the fungus to form phytoalexins.
Infection

| ﬁglglétinig spp. can survive and infect over wide
temperature and pﬁ fanges. Depending on the species

involved, disease can result from airborne ascospore
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infection or soilborne mycelial inféction. No asexual
spores are produced.
Ascospores are the prime source of infection in

diseases caused by both S, sclerotiorum and

S, trifoliorum, but of limited impdrtance in the
epidemiology of S, minor caﬁsed diseases. In the latter
case, soilborne myceiial infection is important (2).
Ascospores are released from apothecia produced by
sclerotia. Much of the following information on
ascospore infection is based on S, sclerotjorum. Less is
known about S, ;;iﬁgLig;gm'aséospore infectién, that
usually oécurs in the autumn. Apothecia initiation is
closely tied to soil depth aﬁd soil moisture.. Only pre-
conditioned sclerotia within the top 3 to 5 cm of tﬁe
soil surface are capable of forming apothecia, as étipes
over fhis length are rarely produced 12,30).
Furthermore, continuous soil moisture for 10 to i4 days
is required for apothecia to form. Sg;g;g;igig
sclerotjiorum isolates from New York State requiréd a soil
matric potential of -80 to -160 millibars (mb), while
isolates from Nebraska required -250 mb for optimal
apothecia production (2,98). 1In California and other
southern areés, S. sclerotiorum apothecia are produéea in
'late winter through early spring."At more nqrtherly-'
locations, ascospores are formed throughout the growing

season provided the top 3 cm of the soil is heér
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saturation. 1In the northern semi-arid regions, apothecia
formation does not occur until early summer when the -
élant canopy has covered the soil surface decreasing
water evaporation (2,72,98). |

Sclerotinia sclerotiorum ascospores require 48-72
hours of continuous free water and an exogenous food
source'sﬁdh as pollen, dying flower petals,'or senescing
or injured plant tissue to infect a host (1,30). The
lack of this exogenous energy source prevents infection.
Ascospores have been found to survive 12 days in the
field in New York state (2,24). In vitro studies have
shown survival is enbanced by‘temberatures'below 20° ¢
and relative humiditiee below 35% (24). Free water is
-also required for 1esion expansion, If the surface of
infected tissues, except for bulky stem tissue, becomes
dry, lesion enlargement is abruptly stopped until free
water is again availeble (2).

Soilborne mycelial ihfecﬁion results from myceiial
germination of sclerotia. This is the principal means of
infection iﬁ‘s4 migé; and no outside food source is
required (2). While the optimal soil water poteptial_for
mycelial germination of S. minor 5c1erotia is the same as
for carpogenic (apothecial) germination of S,
sclerotiorum sclerotia at -250Amb, germinatioh can occur
as low as -2 bars (3). Iﬂ addition, prior drying of.

S. minor sclerotia at the soil surface, stimulates
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mycelial' ggrminat;on. With S, sclerotiorum, the
importance of myceliél sclerotia germination depends upon
the crop involved. In beans, this type of inféctibn is
of minor importance and occurs only when an exogenous:
energy Sdurce is in direct contact between the sclerotium
and the host tissue (1). It is a different case in
sunflowers, where:the'basal stem rot phése of Sclerotinia
wilt is due entirely to mycelial infedtion from
germinating sclerotia (51,52). With sunflowéts, no
exogenouéyfood source is needed. -Recently, hos; root
exudates have been implicated in influencing the type of
sclerotia germination. Rimmer aﬁd Menzies (87) found
rape and corn seedling exudates- could affect mycelial and
carpogenic germination of single spore isolates of
S¢ sclerotiorum. .Sclefotia placed with sunflower'plants
had increased mycelial but reduced carpogenic
gefmination, in comparison to sclerotia placed with rape
plants.

described as simple interest pathogens as defined by Van
der Plank (2,113). Nonetheless, some secondary spread-
may occur from contact with mycelium from infected

plants, including spread through root contact or

growing mycelium on moist infected plant tissue requires

only 16 - 24 hours of leaf wetness to infect a new host
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plant, whereas dry infected plant tissue requires over

72 hours of_continuous moisture (1).

Dissemination

In the Sclerotinia diseases where ascospore
infection .is important, windblown . ascospores may spread
the fungus from field to field. The ascospores are
dischargea in a'mucilaginous ﬁaferiél that cements them
to any object encountered. Most of the ascoSpores are
trapped by the plant canopy, but some will eséape to
above thé crop canopy and be carried in air currents.
<Sbores have been trapped at distances of 150 m to several
"hundred meter% from the nearest source (111,119). Hims
(45) observed an outbreak of S, sclerotiorum restricted
to one corner of a 23 ha field of oilseed rape and
suggested that the source ¢f inoculum was- ascospores from
weeds in an adjacent woodland. Ascospores can aléo be.

transmitted with pollen by honeybees, and in irrigation

runoff water (97,100). Spores of S, sclerotiorum have
been shown to survive up to 5 days in deionized water
(99) . |

Sclerotia dissemiﬁation_is limited. .In S. minor
where ﬁhe sclerotium is the infective propagule,
dispérsal is génerally restricted to secondary plant to-
plant spread. Sclerotia can, however, be moved from

field to field with machinery and in irrigation runoff




, 20
(90), It is possible for S. sclerotiorum sclerotia to
remain viable up to 21 days in.flowing ditch water but
longer periods may,deétroy the sclerotia (69,99).

Animals eating §ngrotinia infested crop refuse

containing masses of sclerotia may transmit the fungus at
very low'levels} Brown (22) fognd only 2% of the
sclerotia still intact and viable after éassage through
sheep. sglgiggigig can also be spread in seed lots
éontaminated with sclerotia or with mycelium infected
éeed, Steadman (96) found S. sclerotiorum mycelium in
12% of abnormal chalky, discolored bean seed and 0.5% of

normal bean seed.

Survival

Sclerotinia is a facultative saérophyte and grows
rapidly in pure culture. Yet, this fungus is not a
vigorous competitor in the soil, aﬁd aside from invading »
necrotic or sénesceﬁt plant parts, colonizes ohly plént
tissue previously killed by the pathogen. Cook et al.
(30) found S, sclerotiorum was unable to survive as
mycelium on soil plant residues but could overwinter as
'myceliunziJLZ% of the pean seeds left on the soil su;faée

after harvesting. Sclerotia are the principal means

1

Sclerotinia survives environmental extremes.

Many studies have been done on Sclerotinia sclerotia

survival in the soil. Due to non-comparable soil and
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environmental conditions, secondary sclerotia formation
as well as unrelated soil microflora and ﬁethodology, the
results have varied considerably; with.survival times
from‘a few weeks to 8Ayears. Based on growers'
experiehce with crop rotation, sclerotia of 8.
trifoliorum survive in nature for about’ 8 years, and
sclerotia of'Sl §glgiggigggm and S. minor for 4 to 5
" years (6).. The use of crbp rotation to nonsusceptible
hosts as a control, may be of 1imited value unless all
inoculum sources and suéceptible weed hosts are
eliminated. |

Various factors- may be reducing sclerotia viability
in nature. Troutmaﬁ and Matejka (103) noted no build-up

of S, sclerotiorum sclerotia over a 12 yéar,peribd in

irrigated lettuce plots in Arizona, despite being
inoculated each year with the fungus! Destruction by
soil microorganisms is one ofythese factors and appears
to be greatly affecting sclerotia survival., A natural
decline of 5. sclerotiorum was observed in potato fields
in Oregon, recently put into production with the
installation of center-pivot irrigation. Some of these
fields had ﬁoderate to severe sclerotinia stem rot and
only 0 to 16% sclerotia infection from the hyperparasite
Sporidesmium sclerotivorum Uecker, Ayers and Adams.

Another field had little stem rot but over 92% sclerotia

infection by fg_gg;g;gtgyg;gm (n.
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1

Sporidesmium sclerotivorum, as well as other
microorganisms, are béing studied as possible Sclerotinia
.biological control agents. Much of this workAhas been
done within the past five years. In field ﬁesting,
Sporidesmium sclerotivorum provided 40 to 83% disease
control of sclerotinia lettuce drop cauéed by Sclerotinia
minor over a three year period, and reduced the sclerotia
populations by 75 to 95% (9). This mycoparasite'gfew
intercellularly through the scierotium,‘did not invade
sclerotiai cells, and produced large quantities of
_macroconidia on the sclerotium surface (10). Methods to
cultivate this fungus~have néw been patented (8).
Another fungus, Talaromyces flavus (Klocker) Stolk and
Samson reduced the percentage of Sclerotinia infected
sunflowers to 27 and 4% in field trials, verus 81 and 47%

disease in the controls (66). Coniothyrium minitans

Camp., Trichoderma koningii Oud. and Teratosperma
oliggcladum Ueckér, Ayers and Adams also greatly reduce
the number of viable sclerotia and show potential as
biological contrql agents of Sclerotinia spp.

(17,36,50,105,107) .
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MATERIALS AND HMETHODS
Disease Survey

A disease survey was conducted in Montana to find
diseased1Canada thistle plants in the fall of 1980 and
spring and summer of 1981. Isolations were done in'the
laboratory using water agar, potato dextrose agar and
BCBRVB media (69,88). Some of these isolates were tested
on young Canada thistle plants in the greenhouse. .The
thistle plants had previously been started from thistle
root sections placed in pots containing a sand-steamed
soil mix. Three inoculation techniques were attempted to
obtain successful infection of Canada thistle with the
fungal isolates.

1. The thistle plant waé put in a mist chamber

for 24 hours, sprayed with a suspension of
mycelial fragments and possibly spores,
then either covered with a plastic bag or
placed back in the mist chamber for 2 days.
2. Mycelial fragments were applied to the soil
around the crown of the thistle plant and
then covered with a 2.5 cm layer of sand.

3. A mycelial agar plug Was placed next to the

unlnjured thistle stem and held in place
with a p1ece of parafilm.

If the organism was a bacterium, a bacterial suspension

was injected into the stem of the Canada thistle plant.
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Hypersensitivity tests on tobacco were also done with the
bacteria isolates (93). |
A Septoria sp. was tesfed in the field. The fungus
was grown in a potato dextrose broth culture on a sﬁaker
for'5 days. _The mycelium was fragmented in'a blehder,
diluted with distilled water.and sprayed on 1.8 ﬁ 1.8 m

field ploté of Canada thistle during June.
scl ¢ini

In addition to the Sclerotinia isélates found during
the disease survey of 1981, a search was conducted in
Montana during the summer of 1982 for virulent isolates
of Sclerotinia from Canada thistle. These isolates were
stored oﬂ potato dextrose agar slant tubes at 5° C and
also as sclerotia from dried wheat kernel culthrés.

To determine the species of the Sclerotinia isolate
selected for the field trials, air-dried sclerotia from
wheaflkernel cultures were surface sterilized and plated
on 1% tap water agar. ‘The plates were sealed with
parafilm and incqbated in the dark at 5° C for over four
weeks until stipes formed. The plates were then
incubated for three weeks at 20° C and illuminated by two -
20W cool white fluorescent lamps, to obtaihrapothecia

formation.
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Inoculum Preparation

An inoculum of Sclerotinia infested wheat or oat

kernels was utilized in all of the greenhouse and field
studies.l The oat kernel inoculum was used in all the
greenhouse expefiments and‘in the Fall 1981 Fiela Trials.
Quart mason.jars (with filter péper lids secured with
. screw rings) containing 125 grams of oat kernels and
175 ml of distilled water were autoclaved at 121° C and
1.4 kg/cm2 pfessure for one hour, inoculated with one
7 mmidiameter mycelial élug of the desired isolate, and
incubated at room temperature for t&o weeks., Sclerotia
formed in the cultures. The inoculum was applied fresh
in the Fall 1981 Field Trials. For the greehhohse
experiments, the inoculum was air-dried for 5 days and
storgd at room temperature. A wheat kernel inoculﬁm was
u§ed for the 1982 Field Trials. This inoculum was
prepared similarly, except 250 gréms of wheat kernels and
325 ml of distilled water were used per quart jar. Also;
the inoculum was air-dried and stored at room temperature
until needed. The percentage of viable inoculum was not
determined. Sterile oat or wheat ke;nels were used for

the control treatments.




26
Greenhouse Studies

Pathogenicity on Canada Thistle

Ten Sclerotimia isolates obtained from.diseéseq
Canada thistle, bean or safflower hosts during the 1981
Disease Survey (Table 1) were tested on Canada thistle.
Isolate 81-167-04 from Canada thistle, produced small
sclerotia, and was identified as S. minor. Canada
thistle root pieées had been collected froh oneﬂsmall
area of a Canada thistle patch representing one ecotype
of variety horridum. These roots were cut into 5 to 10
cm sections and the cut ends sealed with paraffin wax.
Two root pieces were planted in each 16.5 cﬁ pot
containing a 1/3 sand énd 2/3 steamed soil mix. Plants 6
to 8 weeks 0ld and in the vegetative stage of growth were
inoculated by placing one infected oat kernel against the
crown of the plant at a soil depth of 0.5 to 1.0 cm.
There were two plants per éot, and thirty plants were.
inoculated per isolate. Sterilized-non—inqculated oat
kernels were used on the control plants. Pot placement
was not randomized but grouped according to the isolate
treatment.

These tests were conducted when the greenhouse had 9
hours of natural light and the temperature ranged from. a
minimum of 14° C to a maximum of 20 to 26° C. Each day

the number of dyihg and dead plants was observed, and




Table 1. Sclerotinia isolates collected during the Canada Thistle Disease Survey and
used in pathogenicity, host range and field studies.

Isolate Collection ,

number site Host History of collection site
81-85 Bozeman Canada thistle Pasture, former landfill
81-154-01 Bozeman ~ Canada thistle Previously cropped to faba beans, iris
81-155-01 Bozeman Canada thistle Pasture, former landfill
81-162-01 Huntley Canada thistle Multicropped, thistle research area-
81-164-01b Reedpoint Canada thistle Rangeland
81-167-01 Springdale .= Canada thistle Pasture
81-167-04 Springdale . Canada thistle Pasture
81-171 Sidney Ssafflower Irrigated safflower, sugar beets, beans
81-177-04 Bozeman Canada thistle Vacant land C

81-178 - Bozeman Bush bean Home garden

Lz




28
affer 43 to 48 days, each plant was scaled acéoiding to
the conditions of the thistle plant. This disease scale
was based oﬁ whether the root piece, and/or above ground
portion of the plant had died, and on the length of the

lesion at the site of inoculation.'

Host Rangé Studies

The same ten isolates of Sclerotinia, examined in
the pathogenicity study on Canada thistle, were tesfed on
eleven types of crop plants_(Table 2). Canada thistle,
was not included in the host range studies. The seeds
were planted in a sand-steamed soil mix in 5 cm to
16.5 cm diameter‘pots. The seedlings were thinned to one
to eight plants peér pot, depending on the crop and pot
size, and inoculated at the seedling stage when 6 to 17
days old. Potatoes were grown from untreated tuber discs
that were planted into 30 X 50 cm flats containing a
sand-steamed soil mix. They were inoculated 18 days
after emergence. Thirty or thirty-two plants of each

crop were tested with each isolate or control. The

plants were inoculated by placing one infected kernel

-into the soil at the crown of the plant. The pot

placement was randomized for each crop and daiiy
observations were taken on the number of wilting plants.
The tests were ended after three to four weeks wheh the

mortality curve had leveled fo.
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- Table 2. The crop cultivars tested for susceptibility to

Sclerotinia sclerotiorum. -
Crop Cultivar |

Safflower S-541

Bush bean Bush Blue Lake

Corn B 37(N)

Sunflower Dalgren 704

Barley Clark :

Oats Otana

Pinto bean UI III

Faba bean Ackerperly

Lentil Chilean

Wheat Newana

Potato

Russet Burbank

The studies were conducted in the summer when the

greenhouse had 14 to 16 hours of natural 1light.

temperature ranged from a minimu
maximum of 28 to 32° C.

To test isolate stability,

The

m of 13 to 16° C to a

isolate 81-171 from

" safflower was run through two consecutive inoculation and
reisblation cycles on Canada thistle before being tested
on Canada thistle, safﬁlower,~éunflower, and bush bean.
The same isolate was also transferred eleven times on .
potato dextrose agar in the laboratory before being
tested on Canada thistle and safflower. This experiment
was conducted at thé same time and -under identical

procedures as the host range éxperiment excépt Canada

thistle was also included in the test.
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Fall 1981 Field Trials

The trials were located at the Arthur Post Research

Center west of Bozeman. The area was.well drained and

good cropland of soil type Amsterdam silty ciay lbam

(fine-silty, mixed Typic Cryoboroll). Thistles had been
planted at the site in 1979, and no herbicides applied
since this time. The area was cultivated in August 1981
and the thistle shoot density averaged 40 shoots/m?2 at

" the time of treatment.

The plot design was completely randomized. Fresh’

oat kernel inoculum of S, sclerotiorum isolate 81-162-01
was applied October 21, 1981. This inoculum was mixed
into the upper 2 cm of the sdil oﬁ 2 X 2mplots at three
different rates, with four replications §f each rate.
Sterilized non-inoculated oat kernels were applied at the
'same 3 rates, with four replications of each rate. The
three rates of application used were 96 g/mz, 12 g/m2 and
1.5 g/m2 based on the weight of the fresh infested oat
‘kernel inoculum. This corresponds to 3125, 400 and 50
kernels/m2, respectively. The thistles were in the
rosette stage of growth at the tiﬁe of inoculation. Data
were collected afﬁer 21 days, on November 11, by counting
the number of dead thistle shoots and the total number of
shoots for each plot. _ '
No further applicatioh of S, sclerotiorum was

applied to the plots, and they were monitored during the
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1982 g;owing season. Infected thistle shoots were staked
as they died, since dead shoots soon decompose. Once
disease symptoms appeared, data were éollected on July 18
and August 22 by:counting the number of dead shooté in
each plot. A healthy shoot count was taken only on
July 18. To compare any changes in thistle density from
1981 to 1982, the thistle densities were transformed to
'1og (x) and analysed by ‘a 2x2x3 factorial analysis of
variance and non-factorial comparisons.. To investigaté
differences in .the percentage of dead shoots among
treatments an arcsine transformation, and 2x3 factorial
analysis of variance and non-factorial comparisons were
used. A correlation analysis (significant, P = 0.05) was
ultilized to find any correlation between $ dead shoots

in 1981 and $ dead shoots in 1982.

1982 Field Trials

During the'1982 growing'season, field studies were
conducted at the Fort Ellis Station east of.Bozeman,
These studies consisted of twé experiﬁénts: Timing of
Inoculum Application and Soil Incorporation of Inoculum.
Dried wheat kefngl inoculum of S, sclerotiorum
isolate 81-162-01 was used in both experiments. Two
rates of inoculum application were tested, 83 g/m? and’
8 g/m?2 based on the weight of the dried infested wheat

kernel inoculum. This corresponds to 3125 and 313
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kerﬁels/mz, respectively. Sterilized non-inoculated
wheat kernels were applied in the control plots. Aall
plots wefe 2 x 2 m. Over the time period of these
experiments, the infécted thistle shoots were stagéq as
they died. Data were collected by counting the number of
staked dead thistle shoots at one'to four week intervals
during the growing season. Healthy shoot’counts were
taken from Aggust 17 to 21 for each plot. 1In some plots,
healthy shoot counts were also taken on June 26, 27, and
July 28, 29. Tbe final percentage of dead.shoots was
calculated for each plot, based on the number of dead
shoots on August 17 to 21, of the total numbei of shoots.
Specific details of éach experiment are described under
subsequent subheadings; | ,

With.no further inoculum application, close
surveillance was kept the following year during the 1983
growing season for the development of Sclerotinia disease
symptoms. To assess the damage to the Canada thistie
root system, the 1983 thistle shoot density was
calculated for each plot and compaFed with the 1982
density values. This data was collected July 27 to 29,
1983, by counting the number of thistle shoots in a
1.2 X 1.2 m area within the center of each plot. A

To test for the presence of airborne ascospores
during 1983 at the site of the 1982 Field Trials,

methodology developed by Williams and Stelfox (119) was
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ultilized. Nine cm diameter petri plates of potato
sucrose agar were taped to vertical wood stakes 15 cm to
1 m above the soil surface on July 19, 20,,22,‘23}'24 and
27 at 7:00 am. Five hours later the plates were
collected and 1ncubated at room temperature. ‘

The experimental site was in an isolated low lying
but drained area, naturally infested with Canada thistle.
Cereal crops had been previously grown on this land, and
the site wes cultivated in the fall of 1981. The density
of Canada thistle shoots varied over the site. In the
experimental plots, the density ranged from 24 to 85
shoots/mz, and according to the variety descriptions by
‘Moore and Frankton (68), contained ecotypes belonging to

the three varieties,'bo;;idgm, arvense and vestitum.

Timing of Inoculum Application

This experiment was designed to determine tﬁe
optimal time to apply the S. sclerotiorum inoculum. The
experimentai plan was a randomized complete block with
four replications of each treatment. There were thtee
application timing treatments, May 24, June lé or Jely 4,
1982. At these times, the thistles were respectively in
the rosette stage, vegetative stage, and flower bud
stage. In addition, two rates of dried inoculum
application were used, 3125 and 313 kernels/m?2

Sterilized non-inoculated wheat kernels were ‘applied at
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the same rates and times in the control plots. The
inocuium‘was hand-broadcast over Ehe.surface area of the
plot, Ohly one application of the inoculum or control
kefnels was made 1in any one plot. There were 12
treatments, replicated four times for a tatal of 48
plots. |

To detect any statistical differénces in the
percentage of dead shoots among the treatmants, an
arcsine transformation followed by a 2x2x3 factorial
analysis of variance and non-factorial comparisons were
used. Tﬁe data was further analysed by a 2x3 factorial
analysis of variance that excluded the control
treatments, and linear and quadratic comparisons.
Differences in thistle density were identified by
loéarithmically transforming the data and doing a 2x2x2x3
factorial analysis of variance, nonjfactorial comparisons
and separate 2x2x3 factorial analysis of variances of

each level of the treatment factor.

Soil Incorporation of Inoculum

To investigate the effect of incorporating the
S. sclerotiorum inoculum into the soil, soil
incorporation was compared tovsurface application. The
test area had been cultivated May 17, 1982, in addition
to the fall 1981 cultivation, and the dried inoculum

applied May 23, 1982 before the thistle shoots had_
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emerged. The experiment was completely randomized with
four replications of four treatments. The inoculum was
hand-broadcast over the soil surface or mixed with a hand
rake into the top 3 cm of the soil. The 3125 kernels/m?
rate of application was used. The remaining two
treatments were controls, where sterilized non-inoculated
kerneislﬁere similarly applied to the soil surface or
incorporated into fhe soil.

An arcsine transformation and 2x2 factorial analysis
of variance were ultilized on the % dead shoots data to
discover any differenées among the treatments. The
thistle density data Qas transformed to log (x) and
analyzed by a 2x2x2 factorial analysis of variance and

non-factorial comparisons.

Mycelial Spread

A Canada thistle shoot in ﬁhe center of a
2.6 X 2.6 m plot was inoculated at the plant crown with
five S. sclerotiorum infected ke;hels. Four plots were
inoculated May 25, 1982 and four more at the end of'Juné
1982. Observations were taken on the mycelial spread of
the fungus, by noting the distance of Sclerotinia

infected thistles from the initial inoculated thistle.:

Statewide Research ITrials
Research field trials were set out at eight

different locations in Montana in 1982, to test
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conditions. These locations included Havre, Moccasin,
Benghland,'Coﬁjad, Creston, Corvallis, Huntley, and
Circle (Table 3). At each 1oca£ion, the 2 X 2 m'plots
were completely randomized. Four plots were inoculated
with dried wheat inoculum of S. gglg;g;ig;gm'isolate
81—162—Oi'at the 3125 kernels/m2 rate. Four. other plots
were inoculated with sterilized non-inoculated wheat
kernels. The sites were inoculated in 1982 on the
following dates: Circle May 31, Havre June 2, Corvéllis
June 7,‘Moccésin June 14, Benchland June 16, Conrad and
Creston June 21, and Huntley July 2. .

Data werevcollecteélat five of the sites by counting
the number of dead thistle_shoots in each plot. This
count was then compared to the total number 6f shoots in
each plot. The difference in percentage of dead shoots
between the S. sclerotiorum treated and control plots was
tested by the Student's t test, Prior to the statistical
test, an arcsine t;ansformation was used énd the

variances of the two treatments were tested for

_ homogeneity. The other three sites, at Conrad, Creston

and Circle( were -only checked once and no .data were
collected.

Thistle density data was also collected at tﬁo'of
these sites, Corvallis and Benchland, on July 1 and July

14 of 1983, respectively. A logarithmic (x+1)




Table 3. ©Site histories of the Statewide Research Trials to test for ablllty of
§clerot1n1g sclerotlorum to control Canada thistle.

Thistle'density

Location . : Sited Land Use ' (shoots/m
Havre Northern ARC Pasture (not grazed) ‘ 7 to .16
Moccasin . Central ARC - Dryland barley : : 35 to 73
Benchland 2 mi from town Pasture (grazed) - 59 to 162
Corvallis Western ARC - ~ Fruit orchard (cultivated 1982) - 10 to 19
Huntley Southern ARC - - Cropland, thistle research area 15 to 60
Conrad Western Triangle ARC Dryland barley
Creston Northwestern ARC : Pasture (grazed) _ *
‘Circle -R. Jensen Farm Pasture (grazed) *

4ARC = Agricultural Research Center. .. '
bNo data were obtalned from the starred locations.

LE
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transformation was done on thié data, followed by a 2x2
factorial analysis of variance and non—factorial
-?omparisons{

| M.Four additional plots were set out at each of the
eight research field trial locations to measure the -
spread of the fungus. Five infested kernels were placed
1 cm into the séil at the center of a 2.6 X 2.6 m plot
next to a Canada thistle shoot. These piots were
inoculated in 1982 on the same dates as the previous
experiment mentioned for each trial location. The
distance of Sclerotinia infected thistles from the
initial inoculated thistle was noted.

Another field trial was set out at the Huntley site
on May 19, 1983. The land, naturally infested with
Canada thistle, had not been cultivated since June of
1982, The treatments consisted.of two application rates
of fresh wheat inoculum of §. sclerotiorum isolate
81-162-01, 260 and 26 é/mz, and a control treatment. - The
two rates correspond to 3125 and 313 kernels/mz,
nespeqtivély. Each treatment was replicated four times
and the 1.5 x 2.6 m plots completely randomized. The
number of dead shoots was observed on June 20 and August
22, 1983. The difference in percentage of dead shoots
between the treatments was tested for both tﬁe June 20
and August 22 data by a one-way analysis of variance and

Newman-Keul's multiple .range test. An arcsine’
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transformation was performed on the data prior to

statistical analysis.
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RESULTS
Disggse Survey :

Six pathogens were found to occur on Canada thistle
in Montana. These 1ncluded Euc ig'pgggﬁiﬁg;mgg, and : i
pathogens belonglng to the following genera: _SQQLQmig,

Fusarium, Sc 1erot1n1a, Pseudomonas, and Alternaria.

A septorla sp. was found at several locatioﬁs. - ‘%
'Canada thistle plants seQerely infected with Septoria | | |
~were smaller -in size, had black stem lesions, and 1eaves.
that. were curled with large necrotic lesions. This-
fungus was never found to'infect the underground portion
" of the plant. Pycnidia were producéd on potato dextrose
agar, water agar, or autoclaved wheat kernels if these
cultures were incubated at 15° C for 8 weeks. Pycnidia.
were dark browh, globose, ostiolate and 4.2 to 4.8 mm in
diameter. ‘The,hyaline conidia weré éloﬁgate to filiform |
in shape and sligﬁtly wider at-thg:top (25 p) than at the o :
base (10 - 15 n). These spores were 520 to 720-n long; |
'and 7-celled. Disease symptoms appeared ih the new .. i".i
gfowth of young Canada thistle plants inﬁthe greephouse |
‘that were.sprayed with a fragmented'mycelial suspeﬁsion]'

of fhe fungus. The fungus moved syétemicaily in thef

plant causing stem lesions and the leaves to curl, with S ;
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the inside margin of the curled leaf becoming necrotic.
The plant was able to outgrow the disease ﬁnder
greenhouse conditions., geptoria was re—isolatéﬂ.from
these inoculated plants. Disease symptoms appeared in
field plots sprayed with a mycelial suspension of
Septoria, but the}disease did not stop seed production or
thistle growth.

Fusarium was isolated from diseased Canada thistle
roots but produced no symptoms on Canada thistle plants
inoculated with the fungus in the g;eehhouse. |

‘Pseudomonas was also isoldated from diseased Canada

thistle plants. Some fluorescent isolates gave a

hypersensitive reaction when tested on tobacco leaves,

especially those isolated from Puccinia punctiformis

infected thistles. No symptoms were observed when these
isolates were stem inoculated into young Canada thistle
plants in the greenhouse.

An Alternaria sp. was found to occur on the lower
senescing leaves of Canada thistlé plants. ' This
Alternaria did not reduce thistle growth based on field
observations.

~described in the following studies.
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Natural QOccurrence

Under natural field conditions, Sclerotinia
apparently causes sméll patches of dead Canada thistle
plants'rdnging from one dead plant up to an area of,
1.5 X 1.2 m. Disease symptoms of wilt and subsequent
death of the above ground portion of the thistle plaﬁt
were first observed in late June to July. At one -
undisturbed collection site located at Bozeman, Montana,
the 1.5 X 2.4 m center of a Sclerotinia infected Canada
thisfle patch was almost free of thistle shoots.
Surrounding this center was a ring of thistles dying from

The fungds was isola;ed from the crown area and
upper portion of the root systém. Sclerotinia was found
to extend as far as 35 cm into the root system, sometimes
including the horizbntal.root. The infected rodt tissue
had a shredded appearance and sclerotia formed on both
the inside and outside of the upper root. Rarely was the
fungus isolated frém above the crown of the thistle
plant.

Sclerotinia isolates were éollected from thirty-five

different locatidns in Montana during the 1981 and 1982
Disease Surveys (Figure 1). These included three

S. minor isolates isolated from Canada thistle, that




Figure 1. Location of Sclerotinia samples collected from 35 sites in Montana and
North Dakota during the 1982 Canada Thistle Disease Survey.

1% 4
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-produced smallFtype sclerotia. While it has not been
détermined whether most of the remaining isolates were
S. sclerotiorum or S. trifoljorum, the isolate
(81-162-01) used- in all of the field trials was
S, sclerotiorum. This isolate displayed no dimorphism-in
ascospore size upon investigation of laboratory produced
found in pastures, rangelands, waste areas, and along the

edges of alfalfa, wheat, barley, and safflower fields.

The fungus was also isolated from two other weeds, bull

thistle (Cirsium vulgare [Savi.l] Tenore) and prickly

lettuce (Lactuca scariola L.).

Pathogenicity Studies on Canada Thistle

In greenhbuse studies, the oat or wheat kernei
inoculum had to be placed against the crown or root of
the thistle plant to get infection. No prior wounding of
the plant tissue was required.
| There was considerable vériation in virulence
between the ten isolates when tested on Canada thistle,‘
especially between the isolates from Canada thistle hosts
and the isolates from safflower or bean hosts. Wilting
symptoms appeared within 3 days after inoculation. AfEer
20 days the number of dying thistles had stabilized. Six
isolates from Canada thistle killed from 77 to 97% of the"

inoculated thistle shoots, and about 60% of the roots
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(Figure 2, Ta51e14). In comparison, the isolate from
safflower killed 37% of the shoots while the isolate from
bean killed only 13%. Isolate 81-154-01, from thistle in .
"anh area previously cropped fp faba beans and iris, and
S. iiggg‘isolafe 81-167-04, wera much less vaaulent than
the other isolates from Canada thistle.

Sclerotinia lesions developed at the crown of some
of the inoculated Canada thistle plants that did not have
wiiting symptoms. One inoculated thistle plant started
to wilt but recovered. Upon close examlnatlon of thls

plant, a root had developed above the infected upper root

zone.

Host Range Studies
Potato plants and corn, barley, oat, and wheat
seedlings showed no disease symptoms when tested with the

ten Sc lerotlnla isolates in greenhouse studies. Canada

thistle, sunflower, and safflower were the most

susceptible to Sclerotinia. Lentils and bush, pinto, and
faba beans were affected to a lesser degree. The
potatoes showed symptoms of herbicide damage which is
suspécted to be due to use of contaminated soil or to a
‘tuber source. Differences in virulence were found
between the isolates on the hosts tested (Table’4). The
isolate from bean was -not highly virulent and inoculum

of isolate 81-155-01 was not viable.




Figure 2. Pathogenicity of Sclerotinia isolates on Canada thistle in greenhouse
studies.
ISOLATE HOST NUMBER OF THISTLE PLANTS
0 10 20 30
81-167-01 Thistle S
81-155-01 Thistle 2 DERIAEE DLALE
81-162-01 Thistle E] No symptoms
81-177-04 Thistle sl A e e
81-85 Thistle
Lesion 2-3.9 cm
81-164-01Db Thistle
81-171 safflower F 3 N Lesion 4+ cm
81-154 Thistle [T 1| B shoot dead
81-178 Bush bean BN [ ] ]
. Shoot and
81-167-04  Thistle JEER [ ) root dead

Control

9




Table 4. Pathogenicity of Sclerotinia isolates to Canada thistle, and various other

hosts.
$ dead plants?@
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Isolate o g Y o ) o Q e

Number Host S a & Y 2 - 3 ss
81-167-01 Canada thistle 97 63 53 31 23 19 3 0
81-155-01€ Canada thistle 93 * % * * * * *
81-162-01 Canada thistle 90 80 63 47 23 13 3 0
81-177-04 Canada thistle 87 73 47 16 13 22 0 0
81-85 Canada thistle 80 63 23 31 3 19 0 0
81-164-01b Canada thistle -77 77 40 3 10 9 0 0
81-171 safflower 37 73 50 25 17 6 0 0

81-154-01 Canada thistle 33 47 40 25 7 3 0 0
81-178 Bush bean - 13 3 0 0 0 0 0 0
81-167—04d Canada thistle 10 7 10 0 0 0 0 0
Control 0 0 0 0 0 0 0 0

@rhirty plants of each crop type were tested for each isolate, except the crops
marked by "+", where thirty-two plants were tested for each isolate.

“The Pathogenicity Study on Canada thistle was a separate experiment from-the Host
Range Studies.

®The inoculum used on the starred crop types was not viable.

drhis isolate produced very small sclerotia and was identified as S. minor. 

Ly
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Repeated cycling of isdlate (81—171) from saftlower

on a Canada thistle host, later proved to increase the

virulence on three Qf the four hosts:teétea;—zCaﬁéda

thistle, sunflower, and safflower, but not oh bush beén

(Table 5). Transferring tne same isolate eleven times in

culture prior to the experiment decreased its virulence

on both of the plants tested: Canada.thistle and
-safflower.

Table 5. Virulence of Sclerotinia isolate 81-171 from

safflower after repeated cycling on Canada
thistle or transferring in culture.

% dead plants .

o
Laae}
. i
/3]
o
el M ~ o
i ) ) ©
3 = Q
© o o Q
el —~ —
@ 4 4 <
Treatment g g % g
L .. HL - A - B
Original isolate 60 73 50 17
Cycled on Canada thistle@ 83 87 77 13
Transferred in cultureP 43 *C 23 *
Control : 0. 0 0 0

@1solate 81-171 was cycled twice on Canada thistle plants
in the greenhouse prior to the experiment.

bIs'olate 81-171 was trarsferred eleven times in culture
on potato dextrose agar prior to the experiment.

CNot tested.
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Fall 1981 Field Trials

This study investigated the ability of
S, sclerotiorum to ihfect Cénada thistle under October
environmental conditions. The thistles were in the
;osette stage of growth. ﬁuring this time the air
temperature ranged from a maximum of 2 to 199 ¢, and a
minimum of -9 to 99 C, and fhe soil temperature at a
depth of 5 cm rénged from é maximum of 4 to 8° C and a
minimum of 1 to 6° C (27). Under these conditions, the
thistle plants were subjected to frost injury. Wilting
symptoms appeared within 10 days of inoculum application.

After three.weeks the percentage of dead thistle
shoots ranged from 35 to 60% in the plots inoculated at
"the 3125 kernels/m2 rate, which was.significantly
~different from the control plots that averaged 1%
(Table 6,7). The lower application rates did not give
high rates of shoot ki;l and the 50 kernels/m?2 rate was
not significantly different from the control plots. The
percentage of dead thistle shoots 'was low in all of the
cont;ol plots and not affected by increasing amounts of
non-infested sterilized kernels. The fungus was found to
occur in the crown of infected plants but did not extend
into the root system. Fifteen days after these readings
were taken, the soil ﬁroze down to the 5 cm depth and tHe

ground remained frozen until spring. The coldest air




Table 6. The effect of an October §glg;g;;g;g sclerotiorum treatment on Canada
thlstle mortallty and thistle density?2.
% dead shoots Change in thistle density % dead shoots
b November 1981 - (1982 density +1981 dens1ty) August 1982
Rat - .

k/ms Treated Control Treated Control Treated Control
3125 45 + 1 5 + .6 1.20 1.20 38 .+ 13 5 +5
(35-60) (0-1) (.93-1.80) (.67-1.82) (26-56) (1-11)

400 9 + 9 .3 + .5 1.58 .1.33 22 + 17 5 + 4
(0-20) (0-1) (.89-2.61) (1.17-1.42) (8-45) (1-11)

50 2 £+ 2 5 +1 1.22 1.16 .4 £ 2 4 + 2

(0-5) (0-2) (.94-1.95) (2-7) (2-6)

(.93-1.36)

@Mean + standard deviation, with range in parenthesis.

b n =

Fresh inoculum of isolate 81-162-01 was applied October 21,

Cgclerotinia infected thistles were i

densities ranged from 13 to 57 shoots/m

1981. k = kernels

cluded in the thistle densities.
in 1981.

Thistle

09




Table 7. Statistical analysis of % dead thistle shoots® in November 1981 and August
1982 after §c1erot1n1a sclerotiorum treatment in October 1981.

Mean squareb
Source of variation daf November 1981 August 1982
2x3 factorlal ANQV:
Treatment® . 1 2142.8** 1139, **
Rate ‘ 2 739.9%% . 361.1%%*

Treatment x rate . 2 653.1** 361 .5%%

Among rates treated 2 1390.8%*%* : 722,5%%
Among controls 2 2.1 _ .2
Treated vgrsus controls 1 2142 .8%%* 1139, =**

50 k/m“ rate treated vs control 1 : 43 .5 .06 @

Error 18 37.9 50.2

@arcsine transformation of % dead shoots. df = degrees of freedom, k = kernels.
LT significant, P = 0.01. :
CTreatment = control or S. sclerotlorum treatment.
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temperature recorded during the 1981-1982 winter was
-31° c.

In 1982, thistle shoot density increased
significantly over the 1981 densities in both the
S. sclerotiorum and control treatmenfs .(Tal_)lje'G',S)°
There were no significant statistical interactioﬁs
involving the year factor. Statistical differences in
the tieatment and rate factors and their interaction were
due to variation between the plots prior to the
experiment. 1In April of 1982, a few of the kernels of
the original inoculum on the soil surface still qontained

viablé fungus when plated on PDA media, but none of the

new thistle shoots were infected with Sclerotinia. The

sclerotia remained viable and disease symptoms first
appearea in July.' By the end of August, thé percentage
- of dead Canada thistle shoots.ranéed from 26 to 56%, in
the 3125 kernels/m? rate pléts, which was significantly
different from the control plots that ranged from 1 to
11% (Table 6,7). The 400 kernels/m?2 fafe plots averaged
22% but the 50 kernels/m2 rate plots were not
significantly different from the control plots. . By
" correlation analysis, there was no correlation between
the percentage of dead shoots in November 1981 and % kill
in August 1982, in the plots treated at either the 3125
kernels/m2 (r2 = .0042) or 400 kernels/m2 (r2 = .2848)

‘rate.
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Table 8. Statistical analysis of thistle density?® i
1981 and 1982, after Sclerotinia sclerotioru
treatment in October 1981.

= :'

o

Source of variation ~ df  Mean square

2x2x3 factorial ANOQV:

Treatment® 1 .0705%
Year 1 .0934%*
Rate ' 2 .1227%%
Treatment x year 1 .0012
Treatment x rate 2 .0732*
Year x rate 2 .0093
Treatment x year x rate 2 .0005
Non-factorial partition:
Among 1981 5 .0572%*

Error 36 _ .0152

ALogarithmic transformation of thistle densities. df = -
degrees of freedom. ,
* = gignificant, P = 0.05; ** = significant, P = 0.01.
Crreatment = control or S. sclerotiorum treatment.
1982 Field Trials
These studies were conducted with S. sclerotiorum
isolate 81-162-01, and investigated'the rate of inoculum

application, soil incorporation of inoculum, and timing

of applicétion on disease development.

Timing of Inoculum Application

During application, the inoculum often roiled down
the lower leaves into the leaf axils. Iﬁpculum particles
trapped in this manner almost always infected the axil
area. Wilting symptoms appéared 7 to 10 days after field

inoculation.
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. Young Canada thistle plants inoculated in May 1982
became ipfected with S, sclerotiorum, despite four days
with minimum air temperatures below 0° C. However, plots
inoculated in June had the higﬁest percenfage of dead
Canada thistie shoots by the end of the growing season
(August 20, 1982) (Figure 3). At the 3125 kernels/m2
rate 6f appliéation, the June inoculated plots had an
average of 73% shoots dead while averages for the May and.,
July inoculated plots were 59 and 52%, reépectively
(Table 9). The 313 kernels/m2 rate of application had
lower rates of kill (Table 10). The Jﬁne inoculated
plots averaged 30% dead thistle shoots while the May and
July inoculated plots averaged 8% and 16%; respectively
(Table 9). The control plots were significantly less
~than any of the treated piots, and averaged 2%.
The June treatment was significantly higher than the
May or July treatments. A quadratic equation was fitted
to the data of the S. sclerotiorum treated levels of the
date factor (rates combined). On the basis of this
equation, the optimal time to apply the inoculum ﬁo
achieve maximum thistle shoot kill wastune 13
(Figure 4).
Very little, if any, thistle shoot regrowth was
observed in the inoculated plots duriﬁg the 1982 growing
season. Eight weeks after inoculation, the fungus was

found to extend at least 25 cm into the Canada thistle




Figure 3. The percentage of dead thistle shoots over time in field plots inoculited

with Sclerotinia sclerotiorum isolate 81-162-01 at the 3125 kernels/m
rate in May, June or July.
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Table 9. The effect of time of Sclerotinia sclerotiorum treatnment and rate of

application on thistle mortality and thistle density®@.

¢ dead shoots Change in thistle density
August 1982 (1983 density % 1982 density)®
RateP _ Time of ' : =
k/m ' Application Treated Control Treated Control
3125 ° May 24 59 + 12 2 + 1 .73 1.22
] (47-75) (0-3) (.46-.89) (1.02-1.49)
June 18 73 + 12 3+ 2 .90 1.81
: . (61-88) (0-5) (.29-1.75) (1.38-2.88)
July 4 ' 52 + 6 3 +1 .92 1.34
- (47-59) (2-5) (.78~1.16) (1.29-1.40)
313 May 24 8 + 4 1+1 1.36 1.13
o (3-13) (0-2) (.86-1.79) (.98-1.29)
‘June 18 30 + 14 2 + 2 1.21 1.33
. (17-46) (0-4) (.56-1.58) (.91-2.02)
July : 16 + 13 0+ 1 1.35 - . 1.69

(5-34) (0-1) (.78-1.71) (1.04-3.00)

gMean + standard deviation, with range in parenthesis.

“Dried inoculum of isolate 81-162-01 was applied. k = kernels
Csclerotinia infected thistles were i@fluded in the thistle densities. Thistle

- densities ranged from 19 to 85 shoots/m? in 1982.

9g
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Table 10. Statistical analysis of % dead thisfle
shoots?®, as affected by time of Sclerotinia

sclerotiorum treatment and rate of

application.

jol}
+h

Source of variation

Mean square

2x2x3 factorial ANOQV:
Blocks
Treatment®
Rate
Date ‘
Treatment X rate
Treatment x date
Rate x date '
Treatment x rate x date

Non-factorial partition:
Among controls
May 313 rate, treated vs control
June 313 rate, treated vs control
July 313 rate, treated vs control

(WYY |

Error 33

2x3 factoria) ANOV (excluding controls):
Rate 1
Date 2
Linear
Quadratic
Rate x date 2
Error 18

MMNMNOHFHNDHEHW

71.4
12130. **
3179. **
277 .3%%*
1804. *=*
146 .5%
23.6
70.8

38.7
300.1%%
1332.3%%*
846 .3%*

32.2

4885 .9%*
411.6%*
43.6
779.6%*
58.6
 52.6

Q@arcsine transformation ot % dead shoots.
of freedom. '

df = degrees

be - significant, P = 0.05; ** = gsignificant, P = 0.01.
CTreatment = control or S, sclerotiorum treatment.




Figure 4.
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Graphic representation of the data of thne
treated levels of the date factor from thne
2x3 factorial ANOV (Table 10) fittea to a
quadratic equation.
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root system. Two other Weeds, field pennycress (Thlaspi

arvense) and prickly lettuce (Lactuca scariola) growing

in the field plots were sometimes attacked and killed.
Spring wheat in the field plots was not affected.

From 1982 to 1983, the thistle shoot density
increased an average of 42% in the control plots
(Table 9). The thistle density also increased in the 313
kernels/m?2 treated plots but it ﬁas not statistically
different from the 1982 density (Table 11). In the 3125
kernels/m2 treated plots, the density decreased
significantly from the 1982 density. There was no
statietical difference between the dates of application
at either of the two rates (Table 11,12). The
significant treatment x rate x date interaction is due to
variation among the initial control plots. Increased
replication is needed to test the effect.of fime of
treatment on the thistle density.

Additionally, it was observed that the
S. sclerotiorum isolate 81-162-01 may be less effective
against an ecotype of variety arvense (mi;e)f one oﬁ the
nine ecotypes mapped inside the plot area (Table 13).

In 1983, very few of the thistles showed symptoms of
the disease. By'July 29, 1983, only 23 thistle shoots or
0.1% of the total number of shoots in fhe experimental
area of 407 m2 had become infected. By August 25, 1983?

93 shoots or 0.4% of the thistles were infected with
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Table 11. Statistical ana1y51s of thistle density? in
1982 and 1983, as affected by time of
Sclerotinia §g1§;ot;_ggm treatment and rate of
application.

Source of variation : df Mean équareb

2x2x2x3 factorial ANQV:

Blocks 3 .0267
Treatment® 1 .1394%%*
Year 1 .0904%*%*
Rate 1 .0346
Date 2 .0049
Treatment x year 1 .1182%%*
Treatment x rate 1 .1360*%*
Year X rate 1 .0446
Treatment x date 2 0018
Year x date 2 .0104
Rate x date 2 .0198
Treatment X year x rate 1 .0866%*
Treatment x year x date 2 .0097
Treatment x rate x date 2 .0520%
Year x rate x date 2 .0046
Treatment x year x rate x date 2 .0081
on-factorial partition:

Among 1982 ) 11 .0147
Among 1983 control 5 .0110
Control, 1982 versus 1983 1 L2077%%

Among 1983 treated, 3125 vs 313 rate 1 .3810%*
Among 1983 treated 3125 rate . 2 .0023
Among 1983 treated 313 rate 2 0111
Treated 3125 rate, 1982 versus 1983 1. .0752%
Treated 313 rate, 1982 versus 1983 1 .0535

Error _ e 69 .0145

3L0garithmic transformation of thistle densities. df =
degrees of freedom.

by 2 significant, P = 0. 05 k= significant, P = 0.01.
Crreatment = control or S. sclerotiorum treatment.




Table 12,

Further analysis of thistle dens1ty in 1982 and 1983, in the T1m1ng of
Inoculum Application Experlment

Mean squareb

Source of wvariation _ df Control Treated
" 2x2x3 factorial ANOV: )
Year 1 2076%% .0009

Rate 1 .0167 .1539%*
Date 2 .0034 .0033

Year x rate 1l .0035 .1278%%*
.Year x date 2 .0136 .0066
Rate x date 2 .0624%* .0094
Year x rate x date 2 .0093 .0033
Error ' 36 .0146 : .0154

Ap 2x2x3 factorial ANOV was done on each level in the treatment factor from the

2x2x2x3

factorial ANOV. df = degrees of freedom.

by = significant, P = 0.05; ** = significant, P = 0.01.

T9
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Table 13. Thistle ecotype and variation in the change .in
thistle density from 1982 to 1983, 1in
individual plots treated with Sclerotinia

sclerotiorum at the 3125 kernels/m4 rate.

Date Plot % dead shoots Change ih thistle

applied # August 1982 density?
May 24 1 75 .46
2 " 55 .83
3 59 .89
4 47 .74
June 18 1 76 | 52%
2 88 .29
3 61 1.75%
4 68 1.04%
July 4 1 48 1.16%
2 47 .81
3 55 .92%
4 59 i .78

Achange in thistle density = 1983 density + 1982 density.
The starred plots were composed entirely of an ecotype
of variety arvense. The other plots consisted of
ecotypes of varieties horridum or vestitum, or
combinations of ecotypes of horridum, vestitum and
arvense. .
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clerotinia. Infected thistles were found in control as‘
well as treated plots, and airborne ascosporesvwere
trapped on July 19 and 27, 1983. 1In an adjacent area at
this site, treated in July 1983 with grain kernel
inoculum from 150 different Sclerotinia isolates, high
rates of infection and subsequent shoot death occurred.
During the winter of 1982, the lowest air temperature was
-219 c. Climatological information for 1983 1is

summarized in Table 23 (Appendix).

Soil Incérporation of Inoculum

Incoréoration of the inoculum into the soil did
increase the percentage of dead Canada thistle shoots
ovef éoil surface application, but the difference was not
statistically significant (Table 14,15). The soil
incorporatioﬁ treatment averaged 57%, and the soil
surface treatment averaged 49% dead thistle shoots. Both
treatments were, however, significantly different from
fhe control plots that avefaged 2% dead shoots.

In 1983, the thistle density increased an average of
105% in the control plots (Table 14,16). In the treated
plots, the thistle density increased 6% in the soil
surface treatmenf but decreased 51% in the soil
incorpofation treatment. In the soil surface tréatéd
plots, fhe 1983 density was not significantly différent

from the 1982 density (Table 16).




Table 14. Canada thistle mortality, and change in thistle density following surface
or soil incorporation application of Sclerotinia sclerotiorum inoculum@,

% dead shoots Change in thistle density
August 1982 (1983 density % 1982 density)€
Applicationb Treated Control Treated Control
Soil surface 49 + 6 2 +3 1.06 2.29
(42-56) (1-6) (.55-1.80) (1.72-2.83)
Soil incorporation 57 & 17 2 +3 .49 1.82
(32-71) (0-6) - (.22-.86) (1.43-2.13)

EMean + standard deviation, with range in parentheses.
Dried inoculum of isolate 81-162-01 was applied.
Csclerotinia infected thistles were i%fluded‘in the thistle densities. “Thistle

densities ranged from 30 to 51 shoots/m“ in 1982.

7o
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Table 15. Statistical analysis of % dead shoots®
following surface or so0il incorporation

inoculum.
- Source of variation daf Mean squareb
2x2 factorial ANQV: -
Treatment® 1 6094, *%*
Application 1 14.6
Treatment x application 1 - 30.2
Error ' 12 . 40.7

Q@Arcsine transformation of % dead shoots. df = degrees
of freedom. :
*% = gignificant, P = 0.01.

Crreatment = control or S. sclerotiorum treatment.

Table 16. Statistical analysis of thistle density?@ in

' 1982 and 1983, following surface or soil

incorporation application of Sclerotinia
sclerotiorum inoculum.

Source of variation df Mean squareb

2x2x2 factorial ANQOV:

Treatment® 1 L6474%%
Year 1 .0269
Application 1 .0175
Treatment x year 1 .4863%%
Treatment x application 1 .1388%**
Year x application 1 .1002%*
Treatment x year x application 1 .0314 -
Non-factorial partition:
Among 1982 ' 3 .0139
Among 1983 control 1 .0026
Control, 1982 versus 1983 1 .3710**
Surface treated,‘1982 versus 1983 1 .0004
Soil incorp. treated, 1982 vs 1983 1 .2638%%
Error 24 .0131

arogarithmic transformation of thistle densities. df =
degrees of freedom. ‘
*% = gignificant, P = 0.01.

Crreatment = control or S. sclerotiorum treatment.
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Statewide Research Trials

At all eiéht of the. field research sites where
Canada thistle ﬁas inoculated with S. sclerotiorum, the
thistles became infected with the fungus; bata were
collected at five of these research sites. Average .
percentages of AeAd Canada thistie shoots ranged from 20
to 80% (Table 17). These figures partially reflect
different inoculation and data collection times. At all
five of the sites, .the percentage of dead shoots was
significantly higher in the treated plots than_in the
control plots. At the Benchland site, two of the
inoculated plots had 90 and 92% dead thistle shoots.
These two plots also had very high thiétle densities of
155 and 146 shoots/m? versus 59 shoots/m2 in the two
plots that.had 61 and 76% dead shoots. <C1imatological
information for 1982 is listed in Table 22 (Appendix)..

Thistle density data for 1983 were collected only at

the Benchland and Corvallis sites. At the pasture site

‘at Benchland the thistle density was reducéd 95% in the

treated plots, from 105 shoots/m2 in 1982 to 4 shoots/m2
in 1983 (Table 18). This difference was statistically
significant (Table 19). The thistle density in the
control plots was reduced 32%. Grasses replaced the‘
thistles in the treated plots. Sclerotinia symptoms were

observed within the control plots in July of 1983.




Table 17.

Canada thistle mortality in the Statewide Research Trials in
Sclerotinia sclerotiorum treatment.

1982 after

shoots was transformed to arcsin Vyx ,
by the Student's t test. * =

and the treated and
significant, P = 0.05; **

Date Date ¢ dead shootsP
of data
Location application® collected Treated Control
. Havre June 2 July 7 44 + 12*%* 4 + 6
(29-59) (0-12)
" Moccasin June 14 August 28 79 + 8 * 50 + 22
) (73-90) (27-70)
Benchland June 16 August 28 80 + 14%% 31 + 8F
(61-92) (22-42)
Corvallis June 7 July 7 61 + 13** 5 + 4
(46-76) (0-10)
Huntley July 2 August 25 19 + 3%* 2 4+ 24
(15-21) (0-4)
8pried inoculum of isolate 81-162-01 was applied. -
Pmean + standard deviation, with range in parentheses. At each location, the % dead

control values analysed
= significant, P = 0.01.

Csclerotinia moved 0.3 m into neighbouring control plots.
dHuntley site was dry and hot following inoculum application, receiving only 38 mm of
precipitation from July 2 to August 25, 1982 (Table 25).

L9




Table 18. The effect of Sclerotinia sclerotiorum treatment on thistle density at the
Statewide Research Trial sites at Benchland and .Corvallis@,

Thistle density Thistle density Change in thistle densityb
1982 1983 (1983 density + 1982 density)
Location Treated Control . Treated Ccontrol Treated Control
Benchland 105 + 53 93 + 47 4 + 3 60 + 18 .05 ' .68
(59-155) (62-162) (1-8) (46-86) (.01-.14) (.53-.77)
Corvallis 15 +3 14 + 4 2 +1 5+ 1 .14 34

(10-17) (10~19) (1-3) (3-6) (.07-.30) (.25-,50)

iMean + standard deviation, with range in parentheses. Thistle density in shoots/m2.
sclerotinia infected thistles were included in the thistle densities.
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Table 19, Statistical analysis of thistle density® in 1982 and 1983 at two Statewide
after Sclerotinia sclerotiorum treatment.

Research Trial sites

Mean squareb
Source of variation df Benchland Corvallis
2x2 factorial ANOV:
Treatment® 1 1.254%% .086*
Year 1 2.,377%% 1.432%%
Treatment x year 1 1.443%*%* .108%*
Non-factorial partition:
Among 1982 1 .003 .001
Among controls, 1982 vs 1983 1 .058 e 377%%
Among treated, 1982 vs 1983 1 3.762%% 1.163%%
Error 12 .04¢6 .014

ﬁLogarithmic transformation of. t
* = gignificant, P = 0.05; ** =
Crreatment = control or S. scler

histle densities. d4f =

significant, P = 0.01.

otiorum treatment.

degrees of

freedom.
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The 1983 thistle densitiés at the Corvallis site-
were consistently low for all of the plots (Table 18,19).
Reasons for the reduction are unclear.

Sclerotinia infection was observed by June in the
1983 field trial at Huntley inocﬁléted with
| S. sclgrqtiorgm on May 19. By June 20, the plots treated,'
with §. sclerotiorum at the 3125 kernels/m2 rate averagéd_
26% dead thistle shoofs which was significantly different
-from the control plots that averaged 3% and'the 313
’kernels/mz rate plots that averaged 7% (Table 20,21).
The 313'kerneis/m2 rate was not signifiéantly differént
from the qontrois. June through August was dry 5ﬁd hot
with only 83 mm of precipitation (Table 23 in Appendix).
The month of June received less than two-fifths of the
normal projected precipitation and established ornamental
shrubs next to the.plot site diéd from drought stress.
The thistles in the plot afea were glso suffering from
drought streés.. By August 22, there was no significant’
differehce among control, and 3125 kernéls/m2 and-313

kernels/m2 rate treatments (Table 21).

Hycelial Spread _

Spread of the fungus from the place of inqculation
during one growing seasbn was 1imi£ed in tﬁe
S, sclerotiorum mycelial spread plots put out in 1982 in

Bozeman and at the seven field research sites. The
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Table 20. Canada thistle mortality in the 1983 Statewide
Research Trial at Huntley, following
Sclerotinia sclerotiorum treatment. ‘

% dead shoots?

Application
rate June 20 August 22€

3125 kernels/m2 26 + 8 85 + 20
(16-35) (54-95)

313 kernels/m2 . ' 7 + 3 73 + 17
. (4-9) (59-93)

Control - 3 +3 57 + 22
(0-6) (41-88)

@Mean + standard deviation, with range in parentheses.

bpresh inoculum of S. sclerotiorum isolate 81-162-01 was
applied at two rates on May 19, 1983.

CJune through August was hot and dry, with only 83 mm

total precipitation (Table 26).

Table 21, Statistical analysis of % dead shoots? in June
and August at the 1983 Statewide Research
Trial at Huntley.

Mean squareb
Source of variation df June 20 August 22
l-way ANOVA:
Rate 2 561.3%* 383.4
Error 9 33.8 184.0

4prcsine transformation of % dead shoots. df = degrees
of freedom.
*#% = gignificant, P = 0.01.
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fungus moved at most 20 to 30 cm from the inoculated
plant and often only the inoculated thistle plant died.
- In the 1982 Field Trials, the plot borders were well—
defined in 1982, with the fungus again moving 20 to 30 cm

at most into any neighboring control plot.
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DISCUSSION
Selection

Of the six pathogens found to:occur on Canada
thistle in Montana, Sclerotinia appears to have the most
potential as a biological control agent of .Canada
thistle. This fungus is endemic, lethal to Canada
thistle and will infect the root system, Sngngigig
symptoms appear within 5 to 10 days after inoculation,
and all Canada thistle growth stages are susceptible. It
is a soilborne pathogen capable of growing under a wide
range of environmental conditions including température
and pH, and produces no asexual stage. In addition,
(84,85), It is easy and fast to grow in culture, and,
according to Kreitlow (59), the dried grain inoculum can
be stored up to 2 years. Lastly, its predominantly
haploid génetic system make it a good candidate for

genetic studies to select and develop improved strains.

Sclerotinia as a Biocontrol Agent

Under natural conditions in Montana, Sclerotinia

disease symptoms were usually not observed until lat

(1]

June to July, which may be too late in the season to stop
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seed production for that year. The fungus also has
difficulty in spreading over an area infested with Canada
thistle under the environmental cohditiéns found in
Montana. By applying laboratory produced inoculum
earlier in the growing season, these limiting factors can
be reduced or eliminated.

ﬁgig;ggigig killed Canada thistle shoots 1in
greenhéuse studies. Differences in virulence were found
between the. ten Sclerotinia isolates tested on Canada
thistle with the isolates originally from this wéea being
much more pathogenic on thistle than the isolates from
éaffléwef or bean. In addition, g thistle isolate from
an area prév1ous1y cropped to faba beans and iris, and a
S. minor .isolate from Canada thistle were less pathogenic

than the other Canada thistle isolates. Canada &histle~

may have some levels of resistance to the Sclerotinia

isolates, since some of the inoculated thistle plants

developed only small lesions at the site of inocdlation.
Price énd Colhoun (80) in‘their host range studiés'also
occasionélly_noted a slight pathogenic reaction Qf small
discrete stem lesions that did not atffect piant vfgor.

Sclerotinia sclerotiorum killed Canada thistle

-shooté in the field under adverse conditions. 1In the

Fall 1981 Trials, the inoculum was subjected to snow and
cold temperatures. Dijkstra (35) found frost injury in

red clover enhanced the spread of S. trifoliorum. In the
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trials, the fungus did not have enough time to infect the
roots before winter and the‘density of Canada thistle
shoots that sprouted from the root system the £following
spring was not reduced. The Fall 1981 Trials did not
show disease symptoms in the spring of 1982, as very few
of the inoculum kernels still contained viable
sglg;otiﬁig mycelium and the fungus did not overwinter in
the tbistle roof system. Similarly, Cook et al. (30)
found S. sclerotiorum did not survive as mycelium in
plant résidue but could overwinter in Nebraska as
mycelium in 2% of the bean seed left on the soil surface
from the previous summer, or as sclerotia in the soil.
Disease symptoms did however, appear in the treated plots
in July and August of 1982. Infection was probably from
mycelial or carpogenic germination of the initial
inoculum sclerotia.

Although Sclerotina symptoms do not appear in
_Montana until late June under natural conditiéns, young
thistle plants could be infected with the disease in
field inoculated plots in May. BAll of the field tests
were conducted with one isolate of S, sclerotiorum
(81-162-01) and with a single application of the inoculum
to each indiﬁidual plot. This isolate was effective.
under different environmental conditions as demonstratedA
in the Statewide Research Trials, and killed from 19 to

802 of the thistle shoots in the treated plots.
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Inoculation in June gave the highest level of control as
shown in the 1982 Field Trials. There was little, if
any, thistle shoot regrowth in the inoculated plots over
the growing season, limiting the amount of food reserves
directed into the root system. 1In addition, the fungus
invaded the root system, damaged the roots and reduced
the thistle density by 8 to 95% the following year.
Additional studies, with increased replication, afe‘
needed to study the relationship between the degree of
thistle mortality and reduction in thistle density the

year following treatment.

Recurrence

The percentage of S. sclerotiorum infecfed thistles
was very low the year following spring or .summer
treatment, at all three of the research trial sites where
data was collected in 1983. At the site of the 1982
Field Trials, only 0.4% of the thistle shoots had
Sclerotinia symptoms as of August 27, 1983. The lack of
symptom development could be-due to two processes:
sclerotia destruétion and poor ascospore infection. It
is not known if it is possible for the fungus to
overwinter as mycelium inside the Canada thistle root
system.

Sclerotia destruction by environméntal factors and

soil microf;ora would diminish the inoculum available for
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infection. Better sclerotia survival may account for the
higher percentage of Sclerotinia diseased thistles
observed in 1982 in the Fall 1981 Field Trials. In these
trials the inoculum had been mixed into the top layer of
the soil.

Despite some airborne ascospores being trapped at
the site of the 1982 Field Trials during 1983, the
pércentage of infected thistles-was very low. The fact
that diseased thistles were found‘in both treated and
control plots lends support to ascospore infectioﬂ. The
48 to 72 hour requirement of continuous free water
combined with the need of an exogenous food source for
ascospore infection, may be limiting infection under
natural conditions in Montana. Frosts occur until late
ﬁay to early June. By July, the air temperatufes exceed
259 C and precipitation is reduced. Much of the summer
rainfall is in the form of periodic thundershowers.
Futthermore, the thistles have'very little senescent or
necrotic tissue before July. This exogenous food source
is needed by the ascospore before it can infect the host.

Infection under natural conditions and in the field
experiments was never observed above the lower stem to
crown region of the thistle shoot. This was partially
influenced by the surrounding vegetation and its effect
on the microclimate. Grogan and Abawi (40) postulated

that the free water required for lesion initiation and
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.expansion may be needed to allow diffusion of toxins and

enzymes needed for pathogenicity.

Secondary Spread

After the initial infection, the Canada thistle root
sysfem plays an important part in the secondary spread of
this disease and results in the disease pattern of small
patches of dead thistles observed under natural
conditions. Another type of disease pattern was observed
by Bodine (21) over a two year period in Colorado. A
natural - Sclerotinia infect?on of.an undisturbed
infestation of Canada thistle resulted in the death of
the majority of fhe fhistle shoots in theicenter of the
patch. The thistle was able to outgrow the fungus and
maintain an outer leading edge of healthy Canada thistle
shoots. A similar pattern was observed at one location
in ﬁontana during the Thistle Disease Surveys.

Secondary spread through the roots was also observed
in the field studies, where in one growing season, the
fungus sometimes moved 20 to 30 cm into neighboring
plots. At the site of the 1982 Field Trials, the
mycelial spread could have been restricted by the fall
1981 cultivation that would have disturbed the
interconnecting root system. But providing_enough
Sclerotinia inoculum is applied, high rates of thistle

kill still occurred at this site. Soil incorporation of-
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the inoculum resulted in higher levels of thistle control
than surface inoculum application. Only two of the five
Statewide Research Trials where data'weré collected,
Havre and Benchland, were not cultivated prior to the
experiments. The highest level of thistle control of all
the field studies was achieved at the Benchland site,
where the thistle density was reduced by 95% the vear
following inoculation. At Benchland, S, sclerotiorum did
spread 30 cm into the neighboring control plots, and a

high thistle density could have enhanced the disease

spread by increasing the moisture conditions in the

microclimate. On an uncultivated site, such as pasture,

a lower rate of inoculum application might be possible.
- Future Considerations

Two aspects, efficient economical inoculum
production and host range reduction, need’to be resolved
before Sclerotinia sclerotiorum can be used as a
biological control agent of Canadé thistle.

The dried inoculum used to date, is easy to handle
and can be stored at 0 to 5° C for 24 months with no
appreciable'réduction in pathogenicity (59). However,
the infected kernel must be in contact with the thistle
for the plant to become infected. A smaller inoculum
particle size would ihcrease thistle coverage, and reduce

the quantity of inoculum required. In addition,
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microbial action  on the kernel inoculum may be reducing
the inoculum's potential viability. By visual
observations, many of the infected kernels applied in the
field plots did not produce mycelium. In fact,
Sclerotipia mycelium.has been reported to be shortlived
or of low saprophytic ability in soil (30,64,75).
Combining a smaller inoculum particle size, protection
against harmful soil microorganisms and the optimal
nutrients required for infection, much lower inoculum
application rates mighf be feasible.

Considering host range, wheat, barley, oats, and
corn are not affected by S, sclerotiorum, S. Lgiﬁglig;gm,
or S. minor, and cereal grains are often used in a
rotation program to avoid buildup of Sclerotinia ih the
soil. Still, some of the other hosts tested in the Hosf
Range Studies were'susceptibie to our Sclerotipnia
isolates, including safflower, sunflower, beans and
lentils. Sclerotinia spp. will also infect mahy weeds, .
iﬁcluding diffuse knapweed (Centaurea diffusa) (114). 1In
Montana, Sclerotinia is rarely found in susceptible 
varieties of safflower, bean and sunflower outside of
intensively cropped irrigated areas.

Bodine (21) and Morgan (70) working in areas with a
more varied agriculture rejected using Sclerotinia spp.
as biological weed control agents because of £he

' susceptibility of non-target hosts. Very little work has
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been done to efficiently select or genetically alter
Sclerotinia for restricted host range or other desirable
traits. Commercial development of a wild type is perhaps

an unreasonable expectation. Yet the economic gains made

from the domestication of other fungi such as .

Penicillium, Aspergillis, and Saccharomyces, are proof of
the genetic changes possible from simple selection
techniques. Modern techniques for genetic manipulation
should greatly reduce the effort required for future
fungal domestication projects.

Compared to other plant pathogens, Sclerotinia is
easy to‘identify, culture, and store. This has resulted
in much knowledge of its biology and control. Several of
the studies done for this project and projects of other
research groups indicate that additional research into
the overwintering, spread, host range, and genetics
should be highly fruitful. Researchers are now
attempting to take advantage of the preéeht datd base to
make SglngLiﬂiﬁ one of the first plant pathogens to be

used in a manageable biocontrol system for weeds.
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SUMMARY

Six pathogens were found to occur on Canada thistle

in Montana. These included Puccinia ngctiﬁogmig and

pathogéns belonging to the following genera:

Septoria, Fusarium, Sclerotinia, Pseudomonas and’
Alterparia. | |

Sclerotinia was selected for‘further research

primarily because of its lethality, quick developmeht

of disease symptoms, ability to infect the root
system and ease to culture and store. . The fuhgus has

the added advantagés of fast field diagnosis and

possibly herbicide tolerance. In,additién, its

predominantly haploid genetic system make it a good

'candidate for genetic studies to select and develop

improved strains.

- Sclerotinia diseased Canada thistles were found to

occur in small- patches up to 1.5 x 1.2 m wide from
late June to September throughout most of Montana.
The short growing season and dry summer results in

late and limitéd ascospore infection under natural

‘conditions.

Sclerotinia caused a lethal wilt of'Canada thistle in

both greenhouse and field studies. Uéing mycelial
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inoculum of a single isolate of S. sclerotiorum for
all of the Canada thistle field studies, the funqus

was capable of infecting in the spring, summer, and

fall, and any growth stage of the thistle.

- Inoculation in June resulted in 73% kill of the

thistle shoots within 9 weeks in the 1982 Field
Trials. 1In Statewide Research Trials the fungus
killed 19 to 80% of the thistle shoots in the treated
plots. The fungus invaded the root system and
reduced the thistle density 8 to 95% the following
year. ’

Soil incorporation of the S. sclerotiorum inoculum
was more effective than surface application, and
reduced the thistle density by 51% the following
year. | |

The highest level of thistle control in all of the
field trials was on uncultivated land. At the
pasture s;te at Benchland, the thistle denéity in the
treated plots was reduced 95% the following year.

In the plot areas treated durihg 1982, the percehtage
of Sclerotinia infected thistiés was very low in
1983. Only 0.4% of the thistle shoots had disease
symptoms at the site of the 1982 Field Trialé on
Auguét 27, 1983. The lack of Symptoﬁ'developmenﬁ
dould be due to sclerotia destruction or poor

ascospore infection. Plots treated with fresh kernel




84

inoculum during 1983 at the site of the 1982 Field

Trials, did have high rates of shoot kill. Higher'

levels of Sclerotinia incidence were observed at the
1981 Fall Field Trials during 1982, where the
inoculum had been.applied October 21, 1981 and éoil
incorporated.

Wheat, barley, oats; corn. and potato were not

susceptible to Sclerotinia isolates collected during

the Canada Thisfle Disease Survey. Other hosts,

including safflower, sunflower, beans and lentils

were susceptible. Differences in virulence were

observed among the isolates.
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APPENDIX




Table 22. 1982 climatological information at the field trial locations?®.

Average temperature (°C)

Precipitation (mm) May Jun Jul Aug
Site May Jun Jul Aug max min max min max min max min
Havre 140 25 41 38 ' 18 3 25 8 29 11 31 10
MoccasinP 90 . 74 35 18 14 2 21 8 26 11 28 10
. Corvallis 28 41 35 25 19 1 24 6 27 10 .29 9
Huntley 58 88 37 5 18 3 22 8 28 11 31 11
Bozeman 1€ 67 90 38 20 - 16 2 21 7 26 9 28 9
3 21 8 26 11 29 11

Bozeman 24 73 101 39 26 16

references 26 and 74.

bThe Benchland site is 5 miles west of Moccasin.

CArthur Post Agricultural Research Center.

dMontana State University. The Fort Ellis Station is 4 miles east of the university.

66




Table 23. 1983 precipitation and normal precipitation (mm)

locations?2.

at the field trial

1983 Normalb
Site May Jun Jul Aug May Jun Jul Aug’
Moccasin® 47 61 71 29 66 84 41 39
Corvallis 39 28 62 41 44 40 19 22 .
Huntley 52 24 37 22 54 62 24 25
Bozeman 29 ' 62 73 66 36 66 83 30 35

iReferences 26 and 74.

Bozeman 2 (1940-1969).

Averaged from: Moccasin (1909-1982), Corvallis (196

Crhe Benchland site is 5 miles.west of Moccasin.

dMmontana State University.

The Fort Ellis Station is 4 miles east

5-1982), Huntley (1909-1982),

of the university.
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